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ETTECTS 07 A ITFZCAL NACBLLI OB THE GHABACTBBI STICS 
OT A lEICE LOV-SBAG.AIBirOIL CBITICALLY ATBECTXS 
BT LBASIBG-iBBaE ROUaEBBSS 
By Maoon C. Zllla, Jr. 

SUMMARY 



Tests were made to study thp effects of a typical 
nacelle on the characterl atice of a thick low-drag air- 
foil which had heen shown from preTlotis tents to be sub- 
ject to separation difficulties resulting from leading 
edge roughness; that Is^ the airfoil with roughness had 
been shown to have sharp drag Increases at moderate 
angles of attack. The present results tend to substan- 
tiate the results of previous teste which Indicated that 
the airfoil was unconservatlTe with respect to separa- 
tion difficulties. On the other hand, unconserTatlTS 
sections of this type appear to show less serious drag 
Increases with nacelle Interference than with leading- 
edge roughness, Thp Ipadlng-pdge roughness adopted as a 
standard may therefore be considered to remain the most 
satisfactory means of. Judging such airfoils. 



INTHOrUOTION 



The NAGA low-drag airfoils first investigated, and 
most of those for which data are .presented, in reference 1, 
were Intended to be of conservative deolgn to avoid seri- 
ous separation difficulties even with rough leading edges. 
The thloknesB, cumber, and position of minimum pressure 
of these airfoils were chosen to produce donservatlve 
pressure recoveries over the rearward part of the upper 
surface. In connection with early applications of these 
airfoils, questlona arose concerning possible' Adverse ef- 
fects of conventional nacelles on these sections; a pro- 
gram of tests of several representative nacelles on low- 
drag wings was consequently started. The first two 
series of tests showed that \ja.e drag and Interference of 
the nacelles on a moderately thick low-drag vlng. were 
small (references 2 and 3). 



Later aspllcations of loir-drag alrfollB to long-remige "bonibers 
vlth Mgii vlDQ loadings resulted In eaa. liicreaoe in the airfoil 
thidaiesB ratios and. ceuiibers to the ^lolnt vhere it fias feared that 
excessive drag coaff Iclenta resulting from turtulant separation 
might "be oxperlencGd In the useful flight range of lift coefficients 
If the leading edges 'became roughened* An Inyesblgatlon of the 
effect of e^itrene leidl-ng-edge roughness on airfoils in the douhtful 
range (refeivnce 4) lndJ^.catod that the conservative range of airfoil 
dsslQi was pro'beiblj' lieing exceeded. 

As a prellrilnary study of Interference effects on lov-drag 
airfoils, a later Investigation vas made In which several airfoils 
vere tested with an intersecting flat plate normal to the span. 
The results indicated small Interference effects for two conservative 
ali<folls and large, a3.though not severe, effects on an airfoil 
vhlch had previously teeta shown to he unconservatlve vlth respect 
to leading-edge rou^iness (reference 5) ■ 

.^The present investigation was made to study the effects of a 
typical nacelle on one of the alxf oils that had "been shown to he 
unconoervetive with respect to leading-edge rou{?hneBS. Tests of 
the amooth wing and of the wing with leading-edge roughness .were 
made hcth with and without the nacelle and the results are presented 
herein for con^arison* 



MOI£L ATO TFST ISSflSOTS^ 



The nacelle of reference 2 was chosen for the investigation 
"because results of tests of this nacelle on a moderately thldc low- 
drag wing have "been reported in reference 2. For the present tests, 

-'-At the time this report was originally puhllshed, some of the 
corrections required for reducing -the test da-ba -bo free-air cdndlticns 
had not "been detemlned* The values of section lift coefficient Cj 

for the NACA &i,2-k92y a = 1.0 airfoil section (figs. 2,3, and k) 
should be corrected hy -bhe equation 



'If ^ " O.965C1 + 

(corrected^ 



0.011^ 



The values of section lift coefficient Cj for the RACA 66,2-216, 
a s 0.6 airfoil section (fig. 3) should "be corrected "by -the 
f olloving equation 

^1/ ' ...» * 0,96:pc, + 0.0Q6 . 
'(oorreoted) . ' 
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the naoelle vas mounted on an SACA ^,2'h22, a a 1.0, (approx*), 
alrfolX whloh had preYlouaLy "bean ehovn to have narked drag locreaseB 
at moderate angles of attjack after the^aEpllcatlo)i-<3£' extreae— - 
lea'dlng-edgo roug^esa* The «lng model had a chord of 8 feet and 
a span of 3 feet (tunnel tost-aection width) . The wing vaa set 
at an angle. of Incldflace of 1° to the thruat line of the nacelle 
andy for prao-tloal reasona, the naceLle vas mounted ahout 1 Docalle 
vldth off .the tiizmel center llne^ Two views of the wlng-nEUselle 
oomblnatloa and details of the Intemal-air flow arrangemaat are 
ahoun In figure 1« 

« 

Tbe tests were conducted In the TSkClL two-dlmsoslonal loy- 
turhulenoe pressure tunnel. . The drag coefficients for the 
combination were ohtalned "by the methods outlined In references 2 - 
and 3 . . The rou^mess applied to the leading edge of the ^ng 
for some of the tests was the standard roughness dsscrlhed in 
reference h and extended from the tunnel wall to the nacelle-wing 
Juncture on each side of the nacelle. 



SlCMBCfLS 

^Qie data are presented with the use of the following symbols : 

c^ section drag coefficient 

eiddltlonal external-drag coefficient haaed on area equal 
to airfoil chord sqnarbd 

section lift coeff Icient 

Aq model exit area, sqiiare inches 

Ve/vo ratio of exit vaLocity to free-stream velocity 

^e/^ ratio of total pressure loss at exit to free-stream 
dynamic pressure 

/^X^ coefficient of drag due to Inteznal losses 

TDjj^ coefficient of total drag and intexf ereoee 

Cj^ coefficient of exteznal drag and interference ^SC])^, - ^D^) 

Values of the drag coefficient Cjj^ are hased on the model frontal- 
Bxe&f 29 •08 sctuare inches. 



k 



SESULTS AND HTSCliSSION 



Test results of Inteznol-flcnf measuremaats aad correspmdlng 
drag Incremeats are glvoa lu ta'ble Z. HbB drag Incremecits 

due to the eztemai). drag of the nacelle are plotted In figure 2 
to the same scale as the section drag coeff Iclenbs, and the shaded 
area represauts the additional drag> Inci-emanta of the nace?J.e . ■ 
This method of plotting provides a convenient coaxparlson with 
section charactei'lstlcB hy reducing the drag of the nacelle to 
the addltlomeJ. section drag coefficient spread over 1 chord of spen. 

It ocn De seen In figure 2 that, over a span equal to 1 chord, 
the additional drag of the nacelle Is nut ao large as the drag due 
to leading-edge rougimess • In figure 3 , however, the eactemal drag 
of the nacelle on the smooth vlng appears appreciably higher at the 
lower lift coefficients than the drag of the same nacelle on a 
conservative low-drag wing (reference 2) ■ Qhls higher drag for 
the nacelle on the uncanservatlve wing Is Indicated in spite of the 
fact that the nuselle wetted ai'ea Is reduced when mounted on the 
thicker wing. TftiPortunately, no ccngjarison can "be made at higher 
lifts because the lift range of the drag tests in reference 2 wau 
limited* 

Besults of tests of the nacelle on the wing with leading-edge 
rougbnesB Indicate sharp Increases in the nacelle extexnal-drag 
coefficients at compai-atlvely lew lift coefficients . This sharp 
Increase In drag can he seen. In figure- 3, to occur at lower lift 
coefficients for the nacelle on the wing with leadlng-euge roughness 
than for the nacelle en the smooth wing* 

The section lift comparisons of figure k show practically no 
change In lift coefficient with the addition of the nacelle at the 
lover angles of attaclc* However, the measurements Indicate 
increases in lift coefficient at the hl£^er angles of attack for 
the wing In hoth conditions with the addition of the nacelle . 



CQNCLUnnUG ISSMfiSSS 



Uhconservatlve airfoil sections of the type tested appear to 
show less serious drag Increases with nacelle Interference than with 
leadlxig-edge roughnessj the standard leading-edge roughness 
consequently he considered the more satisfactory means of Edging 
ouch airfoils* 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
LanglQy Field, 7a* 
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IMEBSAL HiOV tmSOmSESTS AND SHAG- 
[Mazliinua cross-sectional area of model = 29.08 sq In.] 
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Figure 1.- Nacello-wing combination shov/ing details of internal air flow. 
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Pigure 2.- Comparison of drag-ooef f icient increments of nacelle. 

Swing • 6 X 106. 
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Figure 3.- Comparison of nacelle external-drag cooff icientB. 

Rwing- 6 X 106. ■ 
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Fig. 4 
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Figure 4^- Comparison of section lift coefficients of wing with and' 
without nacelle. E^ing » 6x10", 
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